The potential public health significance of undetected injured microorganisms in food is immense. According to Mossel et al. (15) , a high proportion of the bacteria and yeasts present in most food samples have sublethal injuries. These lesions result in a marked increase in the latency phase, which may make the microorganisms unable to multiply in selective media, both solid and liquid, and thus the organisms may pass undetected in control studies. The injured microorganisms may recover after a few hours in an environment having a favorable temperature, nutrient composition, pH, and water activity and lacking inhibitory substances (4) . Therefore, injury or damage refers to a temporary status of structural changes combined with a loss of function. The reestablishment of the physiological and structural characteristics lost during the sublethal treatment is termed revitalization (20) .
One of the microorganisms that has been best studied for this phenomenon is Staphylococcus aureus, which is ubiquitous and interesting from food hygiene and health viewpoints because of its ability to synthesize staphylococcal enterotoxins (SETs) (2, (8) (9) (10) 21) . The SETs that have been described to date have been designated SETs A (SEA) through E (SEE). The ingestion of these simple exoproteins, which are secreted by S. aureus under certain conditions (2) , results in the onset of a severe gastroenteric syndrome. Among the food-borne diseases in Spain, staphylococcal diseases are currently of secondary importance to those caused by Salmonella spp. (14) .
Some foods are subjected to subpasteurization treatments; these foods include baby foods, certain seafoods, scalded foods in general, precooked foods, etc. Precooked and semicooked foods, which have experienced a surge in popularity during the last few decades, require numerous stages of processing (manufacturing, precooking, refrigeration or freezing, distribution, cooking, and consuming), which increases the risk of mishandling (23) . In these cases the problem of bacterial injury and repair is of special interest. Therefore, the methods used for detection of injured microorganisms, especially the choice of a suitable resuscitation * Corresponding author.
period, the use of liquid medium and solid medium repair techniques, and the need to consider the sensitivity of damaged bacteria to inhibitors present in recovery media, are of particular importance (16, 22) .
The aim of this work was to study the effects of four liquid repair media having a range of complexity (1% powdered skim milk in distilled water [ (8, 9) , was chosen as the criterion to study reparation.
MATERIALS AND METHODS
Bacterial strains and thermal injury. S. aureus FRI-100, FRI-137, FRI-472, and S6 were kindly provided by M. S. Bergdoll (Food Research Institute, Madison, Wis.). These organisms produce SEA, SEC1, SED, and SEA plus SEB, respectively. They were grown in brain heart infusion broth at 37°C for 18 h in a rotatory shaker, which yielded log-phase cultures containing approximately 107 to 108 cells per ml. The cells were washed three times in 100 mM potassium phosphate buffer (pH 7.2), and the last pellet of each preparation was suspended in 100 ml of potassium phosphate buffer. A 1-ml portion of this suspension was added to 9 ml of prewarmed potassium phosphate buffer (52°C in a thermostat-controlled water bath). After being heated for 15 min, the suspension was cooled in ice, and 0.5 ml was added to each liquid repair medium.
Repair media. Repair was carried out at 22 and 37°C in the following media: PSM, CM, MSM (6) , and SS (0.85% NaCl). CM is a modification of a solid medium described by Suarez and Araquistain (25) 
RESULTS AND DISCUSSION
Salt tolerance was used as a measure of the repair of damaged cells. The evolution of salt tolerance ([counts on TSAS plates/counts on TSA plates] x 100) is shown in Table  1 and Fig. 1 . As expected, after thermal treatment we observed a marked decrease in the salt tolerance, which increased during reparation (Table 1) .
However, the percentages observed at various time intervals in control experiments (preparations that were not heat treated) differed markedly from the percentages referred to above (range, 25.3 to 93.6%) (data not shown). Tolerance to NaCl is a property that depends on factors such as growth medium (specific nutrients, selective agents, etc.), incubation temperature before and after the sublethal treatment (related to the change in fluidity of the membrane, which has to do with the proportion of unsaturated fatty acids in bacterial cells), etc. (10, 11) . The average salt tolerance percentages (Ha values) were calculated from data obtained by sampling at 0, 0.5, 2, 6, and 10 h after an 18-h culture of each nontreated strain was transferred to each repair medium and the preparation was incubated at 22 Table 2) .
Efficacy of the repair media for restoration of salt tolerance. At 37 and 22'C, the maximum Ha values in the different media tested were generally attained in the following order: PSM > MSM > CM > SS (Table 2) . CM was not a good substrate for the reparation of salt tolerance, despite its composition, which relies on a series of compounds regarded as essential for the recovery of thermally injured S. aureus, such as yeast extract, Casitone, L-histidine, and cysteine (1, 8, 9, 19) . In a complex medium, cells should have more nicks in the DNA, resulting in the cell viability percentage being lower than the percentage for cells in a chemically defined medium, such as MSM (6, 20) . In this way, the efficacy of MSM for the reparation of salt tolerance in S. aureus may be attributed to the phenomenon known as repair in minimal medium (6).
The Ha was not reached at 22°C on several occasions (Table 2 ). Iandolo and Ordal (9) and Palumbo and Smith (19) observed that the optimal temperature for NaCl tolerance reparation in injured S. aureus was 37°C. Staphylococcal NaCl tolerance has also been reported to be restored at 7'C (9), although Palumbo and Smith (19) observed repair only in the temperature range from 16 to 50°C. At 4 and 0°C, the salt tolerance of FRI-100 ( Fig. 1) (9) . In all of the experiments, the total number of microorganisms was observed to increase markedly after the first 30 min of incubation in the liquid repair media, even 2 log cycles, as we reported previously (7) . The explanation for this probably lies in the great variety of degrees of injury to the microorganisms. Many of the S. aureus cells would not be able to grow even in a common medium, such as TSA.
It has been suggested that false repair results may be obtained because of the multiplication of microorganisms already repaired when the observation time is too long (17) . Thus, solid repair media are considered faster, cheaper, and more direct than liquid media; however, their efficiency is lower when a small number of microorganisms is used. In our experiments, bacterial multiplication did not interfere with the results by artificially increasing the tolerance to NaCl. Thus, we did not detect clear bacterial multiplication except in isolated cases, which always occurred after salt tolerance repair; one such case was PSM at 37°C for all strains except FRI-472 (data not shown).
SET production by the stressed cells. In PSM at 37°C, low quantities of SETs (1 to 3 ng/ml) were observed in all strains after 10 h, with the exception of SEB in strain S6, while no SETs were detected at 22°C. For FRI-100 in PSM at 37°C, 3.7, 7.4, and 9.2 ng of SEA per ml were detected at 6, 8, and 10 h, respectively (Fig. 2) Thus, it may be expected that in foods, which are even more complex and contain more nutrients than the repair media which we used, SET production would be enhanced. This has enormous importance in food hygiene. Moreover, we observed that low temperatures (0 and 4°C) do not seem to affect the viability of heat-injured S. aureus; they only delay the repair process. The results obtained at 4 and 0°C suggest that thermally treated foods which are kept under refrigera-tion might give rise to SET production if refrigeration is not continuous and they are allowed to sit for some time at room temperature. It must be considered that viability of heatstressed cells is influenced by preincubation and post-incubation temperatures as these temperatures act upon membrane fluidity (11) . If the process of refrigeration is delayed or is very slow, repair at medium temperatures is favored, and the synthesis of enterotoxins in food may be enhanced.
